It has been shown in a number of studies that the orientation of cardiac magnetic field maps (MFM) is affected by pathological changes resulting from coronary artery disease (CAD). Aim of this work was to examine whether specific biometric or cardiovascular parameters confound MFM orientation. We studied 102 patients who had suffered acute ST elevation myocardial infarction (STEMI) and 39 age-matched healthy controls. MFM orientation was determined on the basis of 180s magnetocardiograms obtained at rest. The percent deviations from normal orientation (devOR) during the QT interval were calculated. The distribution of devOR was compared with respect to age, gender, body-mass index (BMI), RR interval, blood pressure and electrical heart axis while taking disease state into account. Group differences were tested statistically using non-parametric measures and regression analysis, as appropriate, with p<0.05 considered significant. devOR differed significantly between healthy and STEMI subjects (4±7% vs. 34±18%, p<0.001). Regression analysis showed no dependency of devOR on age, BMI, RR interval or systolic/diastolic blood pressure in either group. As expected, females had a lower BMI but had no differences with respect to age, blood pressure or RR interval values. Overall, there was a tendency for devOR values to decrease from left to right electrical heart axis orientation (p=0.048). This was not apparent in the subgroups. MFM orientation was not affected by gender, biometric or basic cardiovascular parameters except for electrical heart axis. The latter should be considered when evaluating MFM orientation values. The overall independence of biometric and cardiovascular measures facilitates the usage of MFM orientation in the diagnostics of CAD.
Introduction
Coronary artery disease (CAD) remains a major cardiovascular health challenge. Identifying patients in the early stages of the disease can be achieved by various diagnostic approaches. The gold standard is presently coronary angiography which has a high sensitivity and specificity but is an invasive procedure. Other, less invasive techniques such as nuclear imaging, spiral computed tomography or stress echocardiography do not discriminate as well. Electrocardiography (ECG) approaches are least invasive but sensitivity and specificity are low.
Over the last 15 years, studies examining the applicability of magnetocardiography (MCG) in the diagnosis of CAD have increasingly been published (see e.g. [1] ). This method quantifies the weak magnetic fields produced by the electrical activity of the heart and allows for the reconstruction of these fields with high temporal and spatial resolution. Practical advantages of this method in a diagnostic setting include non-invasiveness and fast data acquisition [2] .
Various approaches in the analysis of the magnetic fields have been developed in order to quantify those characteristics of the cardiac magnetic field which may help identify the presence of clinically relevant occlusions of coronary vessels [1] . These include spatio-temporal features [3] , current density distributions [4] , magnetic field map characteristics [5] [6] and entropy measures [7] .
To date, very few studies have looked at the effect of possible confounding factors on these measures. Two studies have examined the influence of age and gender on signal strength and map orientation in healthy subjects as well as in patients with ischemia [8] [9] . Also, reproducibility of a number of various measures in both healthy subjects and CAD patients has been studied by Lim and co-workers [10] . However little is known about the influence of various biometric or cardiovascular parameters on MCG measures in not just healthy subjects but also patients with CAD.
The aim of this study was to examine whether specific biometric or cardiovascular parameters can confound MCG measures. One of the most commonly used MCG approaches involves the quantification of the orientation of the magnetic field during ventricular de-and repolarization [11] . In subjects with no cardiac disease condition as well as subjects who had suffered acute myocardial infarction (MI), we studied whether factors such as age, gender, body-mass index (BMI), RR interval, blood pressure and electrical heart axis affect magnetic field map (MFM) orientation with respect to its ability to discriminate between healthy and CAD states.
Methods
We studied 102 patients who had suffered acute ST elevation myocardial infarction (STEMI) and who had been successfully treated interventionally immediately upon admission to hospital (group characteristics in Table 1 ).
The normal group consisted of 39 aged-matched healthy subjects (Table 1 ) with no history of cardiovascular disease and normal resting ECG and echocardiograms. The study was approved by the local ethics committee and all subjects gave written informed consent. 
Data acquisition
MCG were obtained in all subjects using a 61 channel biomagnetometer (Magnes 1300C, 4D Neuroimaging, San Diego). Data were recorded at rest for 180 s at a sampling rate of 1 kHz (bandwidth: DC-200 Hz). To reduce the effects of external noise, data were registered inside a magnetically shielded room (AK3b, Vakuumschmelze, Hanau). In the patients, MCG was performed 5.8 ± 3.0 days after infarction and immediate subsequent successful interventional treatment.
Data processing
In each subject's noise-reduced data set, all cardiac beats were identified on the basis of correlation to a representative QRS template. Beats were then selectively averaged with respect to beat duration in order to avoid the effect of varying heart rates on QT interval (ca. 65 beats within ± 10ms of the modal RR interval duration). In the signal averaged data, following de-and repolarization time points were determined using an automated procedure: QRS onset and end, R peak, T wave onset, apex and end [12] . These times were visually checked and corrected if necessary. In order to control for heart rate differences between subjects, the averaged traces were time-normalized between Q onset and T end using the identified time points.
The MFM orientation (Bz) was determined for each time step using the location of centers-of-gravity of the positive and negative Bz values. The x, y coordinates of the positive center-of-gravity were calculated as:
where i indicates the channels with positive Bz and xi and yi refer to the coordinates of these channels. The coordinates of the negative center-of-gravity were calculated analogously. MFM orientation was determined as the angle between the line connecting the coordinates of the positive and negative center and a right-left line across the torso (Fig. 1, left panel) .
The normal range of MFM orientation values for each time point in the time-normalized QT interval was defined as the mean ± 2 standard deviations (SD) of the values of the normal group at that time point. For each subject, the relative number deviations from the normal range (devOR in %) over the QT interval was calculated. Thus, higher devOR values indicate increasing divergence from normal MFM orientation. 
Data analysis
The devOR distributions of the healthy subjects and the STEMI patients, respectively, were compared with respect to age, gender, body-mass index (BMI), heart rate, systolic / diastolic blood pressure and electrical heart axis. The heart rate was examined as the duration of the averaged beat (RR interval) as determined from the MCG data. The electrical heart axis was classified into one of four groups from standard 12-lead ECGs: extreme left deviation (-120° to -30°), left deviation (-30° to 30°), indifferent (30° to 60°) and right deviation (60° to 90°) (Fig. 1, right panel) .
Values are expressed as means ± SD and/or are displayed in boxplots. Group differences in subjects' characteristics (Table 1) were tested statistically using a two-sided Mann-Whitney or Chi 2 test. Differences in devOR between healthy and STEMI as well as between male and female subjects were tested using a two-sided Mann-Whitney test. Linear regression was used to assess the effect of age, BMI, blood pressure and RR interval. For the influence of heart axis the Kruskall-Wallis test was applied. p<0.05 was considered significant.
Results
Compared to the healthy subjects, devOR in the STEMI group was significantly greater (4 ± 7% vs. 34 ± 18%, p<0.001). Within the two subject groups, gender did not play a role: male and female devOR values in the healthy group were 3 ± 5% vs. 6 ± 8% (p=0.60) and in the STEMI group 35 ± 19% vs. 32 ± 15% (p=0.49). In the continuous variables, regression analysis revealed no relationship between age, RR interval, BMI and systolic blood pressure on the one hand, and devOR on the other (Table 2 ). Only diastolic blood pressure in the STEMI group showed an effect on devOR, but after removal of an outlier (BPdias = 130 mmHg), the slope was no longer statistically significant (p=0.064). Overall, there was an influence of electrical heart axis on devOR (p=0.048). This, however, was due to the difference in relative frequency between the healthy and STEMI subjects (see Table 1 ). Within the healthy/STEMI groups, no effect of heart axis could be found (p=0.747 and p=0.577, respectively). 
Conclusion
Previous work has shown that the relative number of deviations from normal MFM orientation is significantly increased in patients with CAD [11] . The results presented here confirm this clearly for patients who have suffered acute STEMI with, on average, 7 time as many deviations as healthy subjects. The question we addressed in this study is whether there may be confounding factors which are rooted in basic physiological or cardiovascular parameters which would make the interpretation of such results difficult. For instance, it is well known that cardiac physiology and function changes with age [13] . Other authors have shown that age may affect MFM orientation [8] [9] . It is thus justified to question whether a measure such as devOR will change as subjects get older. The results here suggest that this is not the case, neither for healthy subjects, nor for STEMI patients.
Furthermore, it is well known that gender plays a significant role in cardiac function and disease [14] . From a technical standpoint, MCG data acquisition, in contrast to ECG, will be affected by the fixed sensor configuration relative to subject shape and size. Thus gender-related differences in heart size, position and orientation relative to sensor configuration cannot be easily compensated. Indeed we found differences in the course of MFM orientation in particular during the ST interval (data not shown). Nonetheless the overall deviation from normal orientation did not differ between the gender subgroups. Also, due to the different gender proportions in the healthy and STEMI groups (Table 1) , male and female devOR showed a dependency on BMI. However, after subgroup analysis this dependency was no longer present. All in all, we may conclude that gender did not independently affect the devOR values.
The physiological variance in distribution of myocardial mass in the thorax due to heart dimension and alignment is reflected in the electrical heart axis which estimates the direction of the heart vector at R peak. One might thus presume that this physiological variance would also be visible in the magnetic field maps. Indeed, in our data, the MFM orientation values at R peak did show a correspondence to heart axis (not shown). Kandori et al have also found a weak relationship between MCG maximum vector angle and electrical heart axis [9] . With respect to the devOR values (which are calculated for the entire QT interval), we noted a weak tendency for the values to gradually diminish from left to right electrical axis orientation (Fig. 2 ) but no significant differences could be found within either the healthy or the STEMI subgroups. Overall, devOR did not show a dependency on any of the biometric or cardiovascular parameters we examined in this study. This is not to say that the course of the MFM orientation over the QT interval was similar with respect to the parameters. As mentioned above, we noted differences with respect to the male and female courses. Even so, quantifying the characteristics of cardiac magnetic field on the basis of the deviations from the normal course of MFM orientation seems to be robust against these parameters. This was true not only for healthy subjects but also for patients with CAD. To that extent, devOR would seem to be a stable measure with suitability for clinical applications.
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